1974; Robins et al., 1959) to 38% (Roy, 1982) suffer from schizophrenia, the authors were interested to see if a seasonal difference in birth rate exists for suicide victims.
Previous work on month of birth of suicide victims produced inconsistent results. Two studies showed an excess of summer births in suicide victims. Pokorney (1960) in a survey of only 44 suicide victims showed a marked increase in a July birth month. Lester, Reeve, and Priebe (1970) showed no significant difference in month of birth of suicide victims, but found a slight excess of summer births. However, others did not find a seasonal difference. Sanborn and Sanborn (1974) found no significant differences in month of birth of suicide victims, and Beck and Lester (1973) found no significant differences in month of birth of suicide attempters. All of these studies examined suicide birth month at only one location. We examined suicide birth rates in different seasons among Alaska Natives.
Seasonal suicide rates for Alaska Natives were initially examined because of high suicide rates for that population-both compared to the general U.S. population as well as to suicide rates for the Alaska state population as a whole. The non-native population of the state is relatively transient and would have been far less likely to be born in Alaska compared to Alaska Natives who were born and lived in their native state. So the authors did not examine birth dates of non-native Alaskan suicide victims since they were less likely to be born in Alaska.
To study seasonal differences in suicide birth month, however, it would clearly be most advantageous to study suicide birth rates at different locations, at different latitudes, where seasonal influences would vary. More northern latitudes have larger differences between seasons than more southern latitudes. Should any seasonal difference in suicide birth rate occur, the effects should be most prominent where seasonal differences are most prominent. Accordingly, these differences should gradually decrease as latitude and intensity of seasonal differences decrease.
Others have suggested that seasonal effects on mood vary by latitude. Rosenthal et al. (1988) demonstrated different seasonal changes of mood at different latitudes. Latitude may even influence the cortisol response in depression. Dexamethasone suppression test (DST) results show a positive relationship between degree of latitude and rate of abnormal DST response in Europe (Rihmer, 1987) and in the United States (Stokes et al., 1984) . Rihmer (1987) observed the further north the patient lived, the more abnormal the DST.
To explore the question of seasonality of suicide birth in Alaska Natives and for other populations, we examined suicide birth data for all four seasons at a variety of locations in North America.
Material and Methods
Birth date of suicide victims was obtained for Alaska Natives, and residents of the Yukon, Saskatchewan, Montana, Wyoming, and Pennsylvania from death certificate data furnished by each jurisdiction. Population in the arctic and subarctic is relatively small, and so data was collected for both the Yukon and for Alaska Natives even though these two areas are at the same latitude. Representatives of the government of the Northwest Territories in Canada could not furnish us with suicide data.
As stated in the introduction, we are examining birth date of suicide victims only for Alaska Natives for that state since other state residents would be unlikely to be born in Alaska. At other locations there is a more stable population, and fewer Native peoples, so suicide rates for all its citizens are examined. Total number of suicide victims born in the three months surrounding the summer solstice (May-July), the winter solstice (November-January) as well as the fall (August-October) and spring (February-April) equinox was summed for each state or province. The percentage of all suicide victims for each state or province born in each season was then calculated.
To serve as a control, data for all births for each jurisdiction was similarly divided according to season. The office of vital statistics for each state or province was asked to provide all available monthly birth data from their computer records. Birth date for all residents was obtained as chronologically far back as the state or province maintained computer records. For Alaska Natives, data on 24,447 births between 1978 and 1987 was obtained in this way. Included were 8,935 births in the Yukon from 1968 to 1986, as were 318,482 births from Saskatchewan for the same period. Data for 485,720 births for Montana from 1954 to 1987, and data for 74,591 births in Wyoming from 1981 through 1988 were studied. Finally, 4,581,616 births in Pennsylvania from 1961 through 1986 were included in the analysis.
Seasonal differences, including light, temperature, and severity of climate clearly vary by latitude. To examine differences between latitude and seasonal suicide rate, we compared the seasonal suicide rate and general birth rate for each state or province with the latitude of the largest city in each locale. In this way, the latitudes for Anchorage, Alaska (61 degrees), Whitehorse, Yukon (61 degrees), Saskatoon, Saskatchewan (52 degrees), Great Falls, Montana (47 degrees), Casper, Wyoming (43 degrees), and Philadelphia, Pennsylvania (40 degrees) were compared to seasonal differences in suicide birth rates and general birth rates.
Seasonal differences among these locations include temperature, rainfall, length of daylight, as well as other variables. We sought to determine the relationship between daylight length for season of birth and the suicide birth rates (and for general birth rates as a control) at each location. To do this, data was obtained about the length of daylight for the largest population center for each state or province for the summer and winter solstice and spring and fall equinox from the U.S. Naval Observatory.
The percentage of suicide victims born during each season at each location was then paired with latitude, and the length of daylight for each location. As a control, the percentage of all births for the same periods was also paired with latitude or daylight length in the same manner. The pairs were statistically evaluated with Pearson correlation coefficients, using onetailed analysis. P. 0.05 was chosen as the level of significance for analysis.
Results
Alaska Natives did show seasonal differences in suicide birth rate. Month of birth of suicide victims in other locations showed small seasonal differences which reached statistical significance. These differences were strongest at the highest latitudes where great seasonal differences occurred. At lower latitudes, no strong seasonal differences in suicide birth rate occurred.
To examine the effect of available sunlight at birth, the authors examined suicide birth rates for those born at the time of greatest possible sunlight-the summer solstice (June 21) to those born at the time of least possible sunlight-the winter solstice (December 21).
Small but opposite effects of suicide birth rates were found surrounding the summer solstice, the period of greatest sunlight and for the winter solstice, the period of least sunlight. General population birth rates showed no such trend. Birth rates for suicide victims were slightly higher for the time surrounding the summer solstice than for the winter solstice at each location regardless of the latitude.
The further north, the greater are the seasonal differences. To see if there were greater seasonal differences at higher suicide rates, we compared the proportion of suicide victims born at each season with the latitude. 
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The proportion of suicide victims born surrounding the summer solstice at each location did not quite significantly correlate with latitude of each population center (r= .67, p= 0.07). The correlation for the proportion of suicide victims born surrounding the winter solstice is roughly equivalent in magnitude, but opposite in direction (r= -0.76, p= 0.04). The seasonal difference in suicide births between summer and winter at each location very strongly correlated with latitude (r= 0.93, p= 0.004).
No significant seasonal correlation was found for general birth rates at these locations. The proportion of all births born surrounding the summer solstice at each location was not related to latitude (r= 0.03, ns). The same was true for the proportion of all births surrounding the winter solstice (r= 0.17, ns), and for the seasonal difference in general birth rates (r= 0.11, ns).
Hours of sunlight available at the time of birth did correlate with the numbers of suicide victims born at that time. The seasonal differences in suicide birth rates at each site correlated with the seasonal difference in daylight length at each location (r= 0.96, p= 0.001, Figure 1 ). See Table 1 for the seasonal distribution of suicides at each location. The proportion of suicide victims born around the summer and winter solstice correlated with the hours of sunlight at the summer (r= 0.74, p= 0.04, Figure 2 ) and winter (r= 0.78, p= 0.03, Figure 3 ) solstice at each location. General population seasonal birth rates did not correlate with differences in daylight length at the summer (r = -0.03, ns) or winter (r= -0.25, ns) solstice. Seasonal difference in general birth rates did not correlate with differences in seasonal daylight length (r= 0.26, ns) ( Table 2 ).
Large differences in suicide birth month are not seen at the spring or fall equinox at any location. These times, which get equal amounts of sunlight, show roughly equal frequencies of suicide birth.
Small, but significant differences in birth month of suicide victims were evident at higher latitudes, but this effect disappears at lower latitudes where the seasonal difference in available daylight also diminishes.
Discussion
The data in Table 1 shows that in the continental United States, there is no clear difference in seasonal suicide birth rate. However, in Alaska Natives, and in the Yukon, the summer and spring evidence slightly higher suicide birth rates than other seasons. It is possible, of course, that this effect simply is the result of a smaller population producing more variability in birth rates. However, because both Alaska Natives and the Yukon Territory show higher suicide birth rates in the spring and summer than in the winter and fall, we must consider possible reasons for this difference besides simple statistical variability. In the arctic, seasonal changes bring harsh environmental differences including changes in weather, temperature, different cultural practices as well as the differences in daylight length. Of all of these differences, in considering suicide, light may well be the key variable. Light is already an established treatment for seasonal affective disorder, and light is being investigated as a treatment for other rhythm disturbances. Seasonal differences in available sunlight vary by latitude, and differences in available sunlight, especially above the arctic circle can be quite extreme. In the arctic at the summer solstice, light is present 24 hours per day, and at the winter solstice, sunlight is absent for the entire day. This extreme difference in available sunlight is present only in the arctic, but it is in the arctic and subarctic where the most extreme seasonal differences in suicide birth rate occur.
Exposure to large amounts of sunlight at birth may increase risk for suicide decades later in life. Alternatively, exposure to very small amounts of sunlight at birth may be protective against death from suicide. This suggests that light exposure in the birth environment, or pre-natal environment may play a role in later behavior leading to suicide. Therefore, one can postulate that being born in a setting with large amounts of available sunlight would affect the still developing brain to predispose those individuals to suicide later in life. This effect could occur at birth, or earlier in prenatal brain development where maternal exposure to light could affect the still developing brain.
If light is the environmental agent that causes this change, a variety of factors could mediate it in brain development. The eyes, as an extension of the brain, would be the likely mediator of the effect. Hormonally, these effects may be mediated by melatonin. Light affects the production of melatonin and functioning melatonin receptors have been found in the proposed "biologic clock" in the suprachiasmatic nuclei even in fetuses (Reppert, Weaver, Rivkees, & Stopa, 1988) .
No real seasonal differences in suicide birth rate occur at lower latitudes which are more populated. However, small seasonal differences in suicide birth rate do occur in the arctic and subarctic. These seasonal differences in suicide birth rate occur where the seasonal differences climatically are the most harsh. In these settings any effect on the seasonal suicide birth rate may be mediated by amount of available light.
Suicide is a final behavior with many biological, psychological, and social precipitants. Much available data lists the importance of depression, substance abuse and social change in the genesis of suicide. This paper examines the environmental variables of latitude and available sunlight at birth on suicide rates. The data shows that areas that have large seasonal differences in available sunlight may have larger seasonal differences in birth rates of suicide victims.
